Polo kinase regulates mitotic chromosome condensation by hyperactivation of condensin DNA supercoiling activity.
A defining feature of mitosis is the reorganization of chromosomes into highly condensed structures capable of withstanding separation and large-scale intracellular movements. This reorganization is promoted by condensin, an evolutionarily conserved multisubunit ATPase. Here we show, using budding yeast, that condensin is regulated by phosphorylation specifically in anaphase. This phosphorylation depends on several mitotic regulators, and the ultimate effector is the Polo kinase Cdc5. We demonstrate that Cdc5 directly phosphorylates all three regulatory subunits of the condensin complex in vivo and that this causes a hyperactivation of condensin DNA supercoiling activity. Strikingly, abrogation of condensin phosphorylation is incompatible with viability, and cells expressing condensin mutants that have a reduced ability to be phosphorylated in vivo are defective in anaphase-specific chromosome condensation. Our results reveal the existence of a regulatory mechanism essential for the promotion of genome integrity through the stimulation of chromosome condensation in late mitosis.